An error bounded tangent estimator for digitized elliptic curves
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Introduction to the problem Numerical results
1. Often, tangents need to be computed for digital curves Ofimax (6 ) for all various values of eccentricity e
2. We propose an error bounded tangent estimator for digital and angular position &, of point P, (semi-minor axis b = 30)

curves | R=3 _, R=4 | R=5
We calculate the error bounds as well | | | J |

4. Presented error bound is for digital ellipses, though the
technique is directly extensible to other digital curves as well
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1. Fit a continuous function over the small region around the - : . R
point of interest. Find the analytical derivative of the MaX Oy (65 ): 7 6) Srror <957 forR =3
i : Error <3.1° forR=5
function and use this as the slope of the tangent X 5.5
Restrictive In the choice of the nature of continuous function g S Y ®31 | Why error decreases
. ?estrlctl\_/e In the definition, shape, and dimension of the 3 O # 5| | when R increases
ocal region, etc. | | o o &£ 55 | | Maximum error due
«  Computationally intensive and afflicted by the guantization ) R to digitization : 0.5
noise. 0 — 1 2000 4000 6000 8000 10000 | Ratio of max. digitization
2. Use a Gaussian filter to smoothen the digital curve and Becentrcity s @b/ error toR: 0.5/R
obtain a smooth continuous curve. Use this Gaussian Ellipses with b = 30 Circles (0.5/R)q_5 > (0.5/R),_, >(0.5R),
smoothened continuous curve for estimating the tangents 4
Similar issues as above 3 | | |
3. Consider a family of continuous curves of various types. 2 i ; f
- - | ! ! ) ix : h [
Approximate the whole digital curve by one of the R R AT .l Do b 4 & - A MST (degrees)
: : - : ST BN AT T TR, AT -'*..!-r‘i*"l..!!! e S A -
continuous curves in the family using a global optimization 0 —w'pid 1'” il Kb Al ;n'. e ’ bl A ---Our Method R=5 (degrees)
. \” 'h i 'y \' “,l' !_f'._i IR ',_- EILI A t ; Al "'j ‘,. |
technique. Then compute the tangents on the curve chosen by | 1 0% -*45' o dou 135 1,$ow | 225 ., zr(q .. " 360 —Our method R=10 (degrees)
ST { | ! i
optimization 2 - | : i |
»  Restricted to the curves in the family. 3 '} | %
. - - | i |
* No guarantee of convergence of global optimization to the 4
global minimum Average absolute error in the computation of tangents for 100 experiments with

«  Computation intensive digitized circles of radius 100 and centers within 1 pixel region chosen randomly. The

4. Approximate the digital curves using line segments. At the result is compared with 4 — MST estimator.

point of interest, find the maximal line segments passing ~_/ | b actual curve) - (digital curve) max(3)  average(39)
through it. Compute a weighted convex combination of their || e JT IV TR
slopes to find the orientation of the tangent. R R B VA \/ 'J ;ﬂ'/
parameter-free, has asymptotic convergence, and [N s Sl T
Incorporates convexity property, % 0 N P I LN oL . ; . .
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« developed basically on heuristics, rather than analytic % R
foundation. (a) The digitized (b) The angle of the tangents on (¢) The error in the computation
flower shape the actual curve and the digital of the tangent due to digitization
represented by (22) curve (using K=20) for various values of R
Concept of the proposed method ﬁ + o
Example of an analytical curve with mflexion points
* P, Is the point of : : ———
interest Impact in practical applications
* Find points P, and P, * A popular geometric method for ellipse detection (Yuen 1989 [1]) uses the
which are on the computation of tangents at three points for finding the center of the
) Intersection of the ellipses
~~ digital curve and a « It was shown recently that tangents are a major contributor to the error in
small circle of radius R | the computation of centers using Yuen ‘s method [2]
centered at P, * In the numerical results, error in tangents was considered to be
« Compute the line , which is a reasonable estimate for the existing methods.
passing through P, * We show that using the proposed tangent estimator, the error in ellipse
with a slope equal to detection can be reuuec. significantly Ofmax =15°
the slope of line P, P, | « \We show that the reliability of the ellipse detection increases with the
* No need to know the geometric properties of the digital curve proposed tangent estimator
= - - 04 . . . - -
o Geometrl_cally, for continuous curves, the error in the R B|ue-Ra?.@{m§X2; Olfpr égz(;gdl?n[ezt]rzod) Probability density function
computation of the tangent goes to zero for small value of R 02/ | | e~ A of the relative error in Yuen's
* Only one parameter R: which if sufficiently low ensures T 09 — ‘ .
accuracy over a very wide range "0 60 80 100 | _ /'/ _______ @i%? method [1] proposed in [2]
a¢max —150 (used In[2]) T , 1 Earlier, relative error of 0.17
Guideline for AG. N | Example Abnax =(7/18) i.e. 10° " | - was considered to give 90%
. . ,
choosing R < 2bsm( 9 j : = SII’](A@/Z) =0.0872 % 02} ! ol A reliability.
) 5 0 0.0850.17 05Y1 _
! Then R<0.1743b me'“ it r_Ja Now, relative error of 0.085
20 40 60 80 100 . - -
: Ives 90% reliabilit
Error In o¢. . =5.25°(R =3) g 0 y

computation of the (A%, — A% ) —(Ay, — Ay
slope using the O¢ = tan™" (A% — A% ) —(Ay, —Ayy)

proposed method
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